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BACKGROUND
Retinal gliosis is associated with phthisis bulbi and malformations or congenital disorders. 1 An eye with phthisis bulbi and massive retinal gliosis can start being painful with indication for surgical removal of blind eye. As there is limited access to handbooks, strictly dedicated to eye pathology, the present review is illustrated with three cases of retinal gliosis for usefulness for unfamiliar readers and encouragement for experts to share -with readership of the journal -less frequent cases of the scope of differential diagnosis of this lesion. In spectrum of reactive responses to eye injury there are closely related lesions with distinctive histological features to justify diversity of nomenclature. 2 These are namely reactive retinal glioangiosis (RRG), retinal vasoproliferative tumour and massive retinal gliosis (MRG). 2 The name of each entity emphasize predominant component of their histopathological appearance being to some extent synonymous with each other. 2 
HISTOLOGY OF RETINA ORIENTED ON HISTO-GENESIS OF GLIOSIS
Classically retinal pigment epithelial (RPE) cells are involved in reactive retinal glioangiosis (RRG), Folia Medica I 2018 I Vol. 60 I No. 1 which consists of glial cells, abnormal blood vessels, and scattered melanin pigment in a series of six cases of enucleated eyes. 2 RRG could belong to the spectrum of proliferative vitreoretinopathy, and therefore therapeutic counteraction of proliferative vitreoretinopathy could limit the extend of RRG. 2 Actually, massive retinal gliosis (MRG) is a type of reactive glial proliferation, which can completely replace the compressed retina that undergoes atrophy and cause deterioration of vision leading to blindness. 3 MRG develops in response to trauma of eyeball sometimes after decades of its occurrence. From the phylogenetic point of view, retina of the vertebrates contains the so-called Müller cells that form a sort of unique glial population. In histogenetic aspect which is truly developmental point of view, MRG is associated with a structure called 'preretinal glial membrane', which is emerging via cell proliferation and migration of Müller glial cells, which are also found in humans and therefore are the starting point for reactive, non-malignant growth classifi ed as retinal gliosis. 4 The main diffi culty of diagnosis of MRG lies in unsatisfying knowledge in the fi eld of acquisition of histology of eye. There is a bit confusing surprise that eye ball normally contains some glial cells, which are starting point for that kind of tumor-like proliferation. That way, the misdiagnosis of neoplasm could easily be favored as a de novo growth, if the presence of normal retinal glial cells, so-called Müller cells, is not clearly realized and recalled in diagnostician's mind. It is a banal message, that in order to diagnose neuropathological lesions of retina one must be aware of neural and glial histological components of this anatomical structure. The normal retinal histology is complex and seems to be overshadowed with plentitude of other information of practical diagnostic value in pathologist's mind. However, knowledge of structure of the eye was a challenging task to explore particularly in academic tradition of areas of Regnum Poloniae ever since a lower Silesian physician Vitello published his famous 'Perspectiva' with still appealing to a reader scheme of eye structure in refl ection of his meticulous accuracy of mathematician and humbleness of friar as early as in 13 th century. 5 Thus, it might be quite useful and welcomed to present concise overview of retinal cellular types as an introduction to exact histopathological report of three ocular lesions of one pathological entity of glial nature. Namely, among variety of retinal cells there are pigment cells, which absorb light and store vitamin A to provide it to cones (photosensitive receptor cells enabling color vision in brightness) and rods (photosensitive receptor cells launching monochromatic vision in weak light). 6 Besides them, there are bipolar neurons which contact via synapses with rods and cones to convey signals of light reception to dendrites of ganglion cells. 6 In addition, there is a kind of modulating cells, which are called horizontal cells, that are regulators of signal transduction at the level of rods and cones and bipolar cells, that are capable to cease the activity of bipolar cells when needed. 6 Amacrine cells are next cell type that possess properties of interneuron, which decide on transduction of optic signaling to visual cerebral centers. 6 In the human retina, there are not only Müller cells but also astroglia and microglia, which were all discovered there by Santiago Ramón y Cajal in 1892. 7 Müller cells are regarded as the main type of retinal glial cells, which within retinal neurons orginate from a single progenitor cell. 8 Actually, at fi rst stage, primary neurons that include cone cells, horizontal cells and ganglion cells are developed and secondly Müller cells and rod photoreceptors, bipolar cells and amacrine cells are generated from apical neuroepithelium adhering to pigment epithelium. 9 Müller cells are principal retinal microglia and are specialized radial glia that project their longitudinal processes to communicate retinal neurons. 10 Müller cells are PAS-positive because they store glycogen, which they provide to retinal neurons. 1, 10 Müller cells contain intermediate fi laments, so they are both positive for vimentin and partially for glial fi brillary acidic protein (GFAP). 11 Besides all supporting properties of glia, Müller cells are a special type of retinal glial cells, which are also characterized by capability of streaming of various wavelength of light to the correct photoreceptor cells via fi ber optic cables. 6 In retina, there are also ganglion cells that serve as cellular intermediaries (or intermediate stations) of signaling on optic tract. Among ganglion cells there is a minor cell population of additional unique properties, which make them contributors to control of pupillary refl ex and transmitters of daylight and night information in a way that makes them a sort of residual functional homologues of histological structures, which are indispensable to maintain the body's circadian rhythm and are engaged in signaling of the third eye of less evolutionarily advanced vertebrates. 6 In opposition to astrocytes and Müller cells, retinal microglial cells are of mesodermal origin and function as residual macrophages, but they are traditionally classifi ed as the third glial cell type that populate every layer of the retina. 12, 13 Astrocytes do not belong to the retinal neuroepithelium, but they populate retina via passage along optic nerve during embryonal development. 14, 15 They are fl attened and elongated and equipped in numerous fi brous processes, which are densely packed with intermediate fi laments to give intense reaction for GFAP. 15 Presence of astrocytes is actually limited to the nerve fi ber layer of the normal retina. 15 
CLINICAL AND PATHOLOGICAL PRESENTATION
Massive retinal gliosis is usually diagnosed in non functioning eye with association with phthisis bulbi, which is defi ned as the end-stage ocular degeneration in reaction to severe trauma of the eye. 16 Phthisis bulbi presents as a shrunken eyeball, a disorganization and atrophia of eye structures. Phthisis bulbi could be induced not only by ocular mechanical injury but also radiation, infective agents, diffuse illness or could arise in association with neoplastic tumors such a retinoblastoma. 17 Massive retinal gliosis is defi ned as nonneoplastic retinal glial lesion. 5 However, not all cases of retinal gliosis are massive so the better name would be reactive retinal gliosis instead of massive retinal gliosis. 1 Actually, Jakobiec et al. even distinguished three subgroups of retinal glioses: submassive gliosis, massive gliosis and focal nodular gliosis -the latter one as in our case of 51-year-old man. 1 The clinical course of retinal gliosis is quite characteristic. Namely, it usually occurs at an age of over thirty years. The mean age of occurrence was 36 years, but the age of patients varied from 2 to 79 years in the report of Jakobiec et al. 1 All cases we encountered belonged to patients who were over 30 years old (a 39-year-old man, 35-yearold woman and 51-year-old man). Each of them suffered painful infl ammation of non functioning eyeball that proceeded surgical removal. In case of our patients in their thirties there was onset of blindness early in lifetime (eye injury at the age of 2 years in case of the man or blindness from birth in case of the woman), while in case of man in his fi fties there was protracted gradual loss of vision in his left eye. On macroscopic evaluation on the cross-section the vitreous body contained solid tuberous up to 0.8-cm-in-diameter masses of spindled texture in the case of the 39-year-old man (Fig. 1) . Such a tumor-like masses contain usually solid fi elds of partially calcifi ed tissue. The marginal calcifi cation of the tumor-like lesion can develop in local osseous metaplasia at the periphery of changes in the vitreous body of the eye (Fig.  1) like eggshell cover. On microscopic evaluation there was reactive nodular hyperplasia of the eyeball in close neighborhood of residual retinal texture (Fig. 2a) . Ganglion cells were easily recognizable in H&E slides of the lesion presenting with typical morphology (Fig. 2b) . They were dispersed among glial cells being a representation of population of ganglion cells that are normally present in retina. 6 This tumor-like growth was composed of reactive glial cells that were mostly consistent with elongated, fusiform, fi brillary astrocytes without cytological features of malignancy (Fig. 2c) . The cells were placed in the background of neuropil that is characteristic extracellular matrix for every glial lesions (Fig. 2d) . PAS gave positive patchy disseminated reaction in the form of relatively big, cellular, densely and deeply purplish granules that often coalesced into conglomerates (Fig. 3a) . In our opinion such a PAS positive pattern of staining in depicted cells which could be consistent with in the fi rst place glycogen storing and therefore PASpositive Müller cells. In contrast to purplish color of glycogen granules, small hyalinized abnormal vascular channels stained pink in evidently positive PAS reaction. Both PAS and alcian blue staining was negative in most fi brous spindle cells. In MRG spindled fi brous astrocytes are Alcian blue-negative due to lack of myxoid matrix. 1 EMA presented with focal staining particularly marking the contours of vessels (Fig. 3b) . GFAP was strongly positive (Fig. 3c) , while S100 was moderately positive in fusiform cells (not shown). Vimentin was evidently positive (Fig. 3d) . These cells were consistent with fi brous astrocytes, which constituted most of cellular population of the lesion. In addition there was atrophy of the retinal epithelium. A proliferation of small vessels was noted under the epithelium of the cornea as well as small calcifi cations in corneal epithelium. Ciliary body and cornea was chronically and focally infl amed. There was a turbidity and calcifi cation of the nucleus of the lens which was apparently displaced in our case. Other accompanying changes included chronic non-specifi c low-grade infl ammation of the iris and ciliary body. Careful inspection of accompanying changes often gives a clue or at least suggestion that main lesion composed of glial cells is a responsive non neoplastic process with background of reactive alterations. The case of a 51-year-old man strictly fell into one of retinal gliosis subcategories proposed by Jakobiec et al.: focal nodular gliosis. 1 Indeed, in this case it was discouraged to call it massive as it was really focal one. It truly presented as a reactive, focal nodular hyperplasia intermingled with histological retinal residues in eyeball. It was composed of reactive, elongated, fusiform glial cells of appearance of fi brillary astrocytes that were placed in neuropil without cytological features of malignancy. This lesion was studded with patchy microfoci of hyalinization (Figs 4a, 4b ) and with vessels with delicate rims of hyalinization around them (Figs 4c,  4d) . At its periphery this reactive glial growth was accompanied with atrophy of the retinal epithelium, turbidity and calcifi cation the displaced nucleus of lens as well as calcifi ed local bone metaplasia of the vitreous body of the eye, which once again placed glial lesion in appropriate reactive context. GFAP was strongly positive in glial cells. The third case, that of a 35-year-old woman, presented with quite progressed degenerative changes in the form of thick hyalinization of vessels and adjacent areas (Figs 5a, 5b, 5c) . Particularly, hyalinized vessels could be reminiscent of hyalinized vessels of ependymoma, but here encountered vessels were not of the kind of typical vessels within pseudorosettes of ependymoma. Under microscopic investigation there was intraocular proliferation of spindle cells or were accompanied with peripheral focal formation of rosette-like structures in close contact to residual retina, scattered small calcifi cations, focal bone metaplasia and a signifi cantly severe degenerative and microcystic changes. There was strong positivity for GFAP, while S-100 -reaction was moderately positive with no reactivity to synaptophysin and Ki-67 index at the level of 5% labeled nuclei of reactive lesion (Fig. 5d) .
DIFFERENTIAL DIAGNOSIS
There are some malignant neoplasms of eye ball that could be considered in differential diagnosis of any eye ball tumor. 18 However, differential diagnosis of retinal gliosis includes rare retinal glial neoplasms, most of which are associated with inherited syndromes like pilocytic astrocytoma in neurofi bromatosis type 1 and subependymal giant cell astrocytoma in tuberous sclerosis complex, to note the most siginifi cant ones. 19 Even rarer tumors are diffuse astrocytomas of acquired nature and conventional histopathology. 19 The last one glial neoplasm in frequency is ependymoma with only few cases reported. 19 However, retinal ependymoma is considered in differential diagnosis particularly due to hyalinized vessels that could occur in both of lesions but with distinctive morphology. 19 In my cases, hyalinized vessels of massive retinal gliosis could have been reminiscent of hyalinized vessels of ependymoma but on closer inspection eventuality of ependymoma was excluded. Massive retinal gliosis (MRG) should be differentiated from vasoproliferative tumor of the retina and acquired retinal hemangiomas, all of which could be different phenotypically reactive lesions along a spectrum of the same disease process. 20 Actually, in sensu largo, retinal gliosis should be differentiated with virtually every intraocular tumor (retinoblastoma, uveal melanoma, ciliary body medulloepithelioma, retinal capillary hemangioma, ciliary body leiomyoma) and tumor-like lesion of different non neoplastic nature (primary hyperplastic persistent vitreous (PHPV), Coats disease, retinopathy of prematurity (ROP) with total retinal detachment etc.) particularly, if it occurs in childhood. 16 
MOLECULAR BACKGROUND
Sometimes mistaken for an intraocular tumor of neoplastic nature, MRG -considered as a type of reactive gliosis -can arise from a neurodegenerative disease, congenital defect, vascular diseases, glaucoma, or from trauma to the eyeball, sometimes appearing years after such an incident. 2, 3, 20 Retinal gliosis could be induced by kainic acid, while retinal destruction is also mediated by astrocytic proteases that cause injury to retinal ganglion cells with detrimental impairment of vision. 21 Bilateral MRG was also reported to associate with retinopathy of prematurity as well. 20 Retinal reactive gliosis is responsive growth to various traumatic injuries of retina e.g. metabolic injury in course of diabetic retinopathy. 11 Retinal reactive gliosis could be sustained with knockdown of retinal noncoding RNA 3 (RNCR3) and ceasing the function of RNCR3 results in reduction of viability and proliferation with diminished expression of GFAP and vimentin of Müller cells in vitro as well decrease of various cytokines that are drivers of retinal neurodegeneration in diabetes mellitus. 10, 11 As a proof of non neoplastic nature, MRG was shown to be polyclonal in nature in analysis of tumor clonality using a human androgen receptor assay in case of a 32-year-old woman with bilateral microphthalmia. 22 The lesion classically was composed of spindle cells with delicate fi brillary cytoplasm and glial fi brillary acidic protein and neuron-specifi c enolase and partly S-100 protein positivity consistent with mainly non-atypical astrocytes with atrophic residues of retinal epithelium and sclera at the margins of the lesion. 22 The same pattern of staining for GFAP and S100 was revealed in our present report. The lesion classically contains GFAP-positive spindled fi brous astrocytes with Alcian blue negativity of stroma as well as no aberration of TP53 gene and normal level of p16 expression. 1 Retinal gliosis is associated with fi brous and osseous metaplasia of retinal epithelium, which constitute peripheral eggshell-like calcifi cation that could be detected with clinical imaging. 1 There were noted microcysts and macrocysts, vascular sclerosis, exudates, calcospherites, and Rosenthal fi bers within the lesion. 1 Taylor et al. provided profound and refreshing insight in pathophisology of reactive gliosis in experimental study on adult rat retinal explants of early interactions of retinal Müller glial cells after retinal trauma before gliotic remodeling and the overexpresssion of intermediate fi lament glial fi brillary acidic protein (GFAP), traditionally regarded as most sensitive early hallmark of reactive gliosis. 23 In that study it was revealed that moderate to massive apoptosis, GFAP upregulation and gliotic remodeling were preceded by depletion of four retinal homeostatic protein regulators glutamine synthetase (GS), cellular retinaldehyde binding protein (CRALBP), basic fi broblast growth factor (bFGF) and carbonic anhydrase II (CAII) in Müller cells. 23 Thus, such defi ned Müller cell reactivity -which constitute the so called 'pre-gliotic events'-is triggering the whole induction of glial proliferation in onset of MRG. 23 
THERAPEUTIC OPTIONS
Determination of sequence of MRG events is pivotal for development of novel eyeball sparing therapeutic methods. Massive retinal gliosis was reported to develop 17 years following successful non-drainage retinal detachment surgery in a 64-year-old woman. 24 Massive retinal gliosis could be removed with endoresection, which is both satisfactory in providing tissue material for histopathological evaluation as well as it is limited, eyeball-sparing method of treatment in a functioning eye. 24 Among the latest approaches to therapy that utilizes vitreous substitute candidates, the study of Barth et al. seems to be noteworthy in case of reactive gliosis management. Namely, the effect of three vitreous substitute candidates were evaluated on explanted adult rat retinas. 25 In opposition to polyalkylimide hydrogel and poly (ethylene glycol) a cross-linked sodium hyaluronic acid hydrogel preserved only normal lamination of retina with remarkably better condition of retinal neurons in comparison to controls with almost no apoptotic changes in retinal explants. 25 Thus, a cross-linked sodium hyaluronic acid hydrogel appeared to be protective against trauma induced reactive retinal changes and to be the most promising in perspective of treatment that limit the vitreoretinal disorders, which included disruption of retinal cell layers, cell death and gliosis. 25 Anyway, surgical removal of the whole eyeball remains the most straightforward method of treatment of retinal gliosis when even it affects a blind eye with phthisis bulbi as in our three presented cases.
CONCLUSIONS
In conclusion, a real 'take-away' lesson is that diagnosis of retinal gliosis should not only be made on the basis of knowledge of histological structure of retina, but it is welcomed to be classifi ed into one of three groups of this category proposed by Jakobiec et al. (submassive gliosis, and massive gliosis, focal nodular gliosis), because a name of massive one is a kind of misnomer for truly focal lesions of the same nature, but with really limited extend in the intraocular space. 1 
